The sub-prime crisis of 2008 caused great instability across all the stock markets of the world. Hence, a departure in the equilibrium level of stock prices is expected. This study is an attempt to examine capital asset pricing model (CAPM) empirically in the light of crisis of 2008, in the Indian securities market. The study involves a period sub-prime crisis hence, an attempt has been made to examine the CAPM considering the recessionary period. Additionally, in order to establish robustness of the model, the CAPM has been tested on a rolling sample daily data of one year with a monthly updating scheme. This study suggests that the CAPM is not able to explain the return generating process of stocks in an efficient manner. However, the model without the intercept term cannot be ignored grossly, as it marks its significance around 16% of times.
Introduction
The sub-prime crisis of 2008 had a significant impact on several major economies of the world. The degree of impact varied depending on a particular nation's economic integration with the USA. The economic meltdown that began with the USA spread to European nations as well. The rest of the world also felt ripple effects of this recession. Stock markets of nations affected by the meltdown showed sudden and rapid downfall in stock prices as a result. By and large, participants in the stock markets of almost all major economies responded with panic to this crisis which caused asset prices to depart drastically from their equilibrium levels. For economic stability, it is necessary that asset prices remain as close as possible to their equilibrium prices. Too much deviation from equilibrium price levels may lead to arbitrage, speculation, and market volatility and in extreme cases, instability of the economy. To check the equilibrium levels of asset prices, asset pricing models come into the picture.
While there are several models of asset pricing such as Arbitrage pricing model, Fama-French three factor model, Carhart's four factor model, the basic asset pricing model better known as capital asset pricing model (CAPM) developed by Sharpe, Lintner and Mossin is considered to be the most popular owing to its simplicity in determining the risk-return relationship of assets. Dempsey (2013) stated that CAPM is a "foundational model of market rationality". According to CAPM, prices of assets are associated with the trade-off between the systematic risk and their expected rate of return. It requires that the excess return on an individual security be commensurate with its systematic risk and, no compensation should be offered for the unsystematic component of risk. Further, the model under certain assumptions, establishes that all securities in the financial market should command the same reward for every unit of systematic risk, i.e., risk-premium (Sharpe, 1964) . This model equips investors with a measure of equilibrium prices to examine the risk-reward relationship of individual securities and portfolios. The equilibrium risk-reward relationship offered by the CAPM is popularly known as security market line (SML) -a relationship between asset returns and beta thereof. It helps an investor to identify whether an asset is under-priced or overpriced.
Although considered a good theoretical model, CAPM has given mixed results when used for empirical testing. According to Brown and Walter (2013) , CAPM is the most widely used tool by corporations while taking their capital budgeting decisions. Regulating agencies use it for price determination while academics and practitioners estimate market risk premium using CAPM. White (2011) used the CAPM for calculating cost of equity in an Indian stock market and found that the model performed well. Ward and Muller (2012) applied CAPM on stocks listed on the Johannesburg Stock Exchange (JSE). They concluded that the single beta model was not appropriate for describing the risk-return relationship of stocks. Demir et al. (2015) tested the effect of conditional volatility on CAPM and found that conditional volatility, in combination with CAPM had a limited effect on asset pricing in a less developed country like India.
Given the fact that CAPM is a simple and popular model but has given mixed results in empirical studies, the authors wished to test the accuracy of the model in the Indian context considering the time period [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] . Most of the empirical tests of the model have been conducted in developed countries but few empirical studies considering CAPM have been carried out in context of developing countries such as India. In the present study, the authors seek to empirically test the CAPM considering a period of ten years from January 1, 2004 to December 31, 2013. The considered time period covers the global recession, therefore, it is expected that the model would be able to reflect the impact that the 2008 crisis had on stock prices. The study focuses on the Indian stock market and covers stocks listed on the National Stock Exchange (NSE) of India. The Indian stock market is the third largest stock market in Asia (after China and Hong Kong) and the ninth biggest stock market in the world in terms of market capitalisation (Modak, 2014) .
The findings of the study contribute significantly to existing literature in three major ways:
1 The accuracy/inaccuracy of CAPM would be empirically established in an Indian context. It would also be seen if CAPM is able to reflect the irrational behaviour/over-reaction of market participants during the crisis period. 3 The study attempts to explain risk premium per unit of risk offered by the market before, during and after the sub-prime crisis of 2008.
To the best of the authors' knowledge, no study in the past has attempted to examine the impact of the 2008 crisis in an Indian context using CAPM. Thus, this study carries immense originality value and substantially contributes to the existing body of literature. The rest of the paper is divided into seven sections. Section 2 provides the literature review carried out for the study. Section 3 enumerates the main objectives of the study. Section 4 explains the data and the methodology used. Results and analysis constitute Section 5. Section 6 offers implications while Section 7 summarises the study with concluding observations. Limitations are given in Section 8. Section 9 gives future research actions.
Literature review
CAPM is considered the most influential model of asset pricing in modern finance. However, findings of the model in empirical studies remain mixed questioning the validity of the model in empirical investigations. In context of India also, evidence on CAPM in empirical studies is inconclusive.
Early empirical tests of CAPM show significant support for the model. Friend and Blume (1970) in their study, supported CAPM. They observed 200 portfolios randomly created of 788 stocks listed on NYSE from January 1960 to June 1968. They commented that it was appropriate to measure the performance of a portfolio with the help of two parameters -risk and return, and CAPM was an effective tool of doing so. Black et al. (1972 Black et al. ( ) observed 35 year data (1931 Black et al. ( -1965 from NYSE and concluded that excess returns of assets were a linear function of beta and market factors. Fama and MacBeth (1973) considered all stocks of NYSE for the period January 1926 to June 1968 and asserted that no other risk except portfolio risk affected average returns of assets systematically. They further concluded that the relationship between beta and return of assets was linear and positive.
However, in the late 1970s, majority of studies challenged the CAPM. Basu (1977) studied 1,400 firms listed on the NYSE for the period September 1956-August 1971 and argued that earning-price ratio explained stock returns and a stock with high earning price ratio will have higher future returns than those proposed by CAPM. Banz (1981) observed a sample of all common stocks on NYSE which were traded for at least five years during the period 1926 to 1975. He emphasised the size effect and concluded that when stocks were sorted on the basis of size, small sized stocks generated higher returns. Stattman (1980) and Rosenberg et al. (1985) reported B/M equity ratio effect in the US market while Bhandari (1988) studied NYSE stocks for the period 1948 to 1981 and confirmed the debt-equity ratio effect in the return generating process of stocks. Fama and French (1992 , 1995 studied the US market and emphasised that beta was not the only factor that explained the return of assets. They stated that beta was not able to clarify the difference between the average return generated by CAPM and real average return. CAPM ignored two vital factors -the size factor and the B/M ratio factor. In all their studies, Fama and French tried to strengthen these arguments.
Guermat (2014) recommended a new approach to testing the CAPM. He mentioned that assessing the CAPM remained a problem among academics and practitioners. Hence, he developed a model that could be tested in both conditions -when CAPM holds and not holds. Bai et al. (2015) criticised French (1992, 1993) for claiming the death of the CAPM. They backed the ability of CAPM to explain the value premium puzzle in a rare disaster event. They upheld that there could be measurement errors in rolling market beta, thus rolling market beta could be a poor proxy for true market beta.
The majority of the studies mentioned above have been carried out in the context of western economies. As discussed earlier, they do not provide conclusive results regarding the validity of CAPM in empirical investigations. Studies on CAPM have also been carried out in context of developing countries.
Initially, Sharma and Kennedy (1977) considered 603 stocks listed on Bombay Variable Dividend Industrial Share Index (BVDISI) to test the efficiency of the Bombay stock market. They reported that prices of stocks followed a random walk and there was no component of periodicity in their behaviour. This way, the behaviour of stock prices of Bombay stock market were similar to the behaviour of the stock prices of advanced industrialised stock markets like London and New York. Barua (1981) studied Economic Times index and daily closing prices of 20 shares for the period [1977] [1978] [1979] to test the efficiency of the Indian capital market, and confirmed a weak form of efficiency therein. Gupta (1981) doubted the applicability of CAPM in an Indian market as in his sample, returns for 20% of the total holding period were negative while returns of the overall sample provided a partial hedge against inflation. Additionally, the rate of returns of stocks was heavily influenced by the timing of the transactions. Yalawar (1988) studied a sample of 1922 stocks for a period of [1963] [1964] [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] and reported that CAPM explained the returns generating process of stocks in the Indian stock market. The study was based on individual security returns instead of portfolio returns. Varma (1988) also supported the applicability of CAPM in the Indian market. Ray (1994) documented that CAPM did not seem to hold true in the Indian capital market when he tested the model with 170 stocks listed on Bombay Stock Exchange (BSE) for the period 1980-1991. Gupta and Sehgal (1993) tested the model for the period April 1979-March1989 considering a sample of 30 stocks on BSE and concluded that CAPM did not explain asset pricing in Indian market. Similarly, Obaidullah (1994) reported that CAPM did not prove valid in Indian market. Madhusoodanan (1997) and Sehgal (1997) documented that CAPM was not able to explain asset pricing in Indian capital market. Madhusoodanan (1997) tested the model on 120 common stocks of BSE for a period ranging from January 1987 to March 1995. However, Ansari (2000) reported, "It seems that pronouncing the death of β would be premature… The competing explanations and ambiguities surrounding empirical evidence against CAPM suggest that the game is not lost for CAPM". Dhankar and Kumar (2007) conducted a study on the BSE 100 stocks for the period June 1996-May 2005 and found evidence in support of CAPM as a descriptor of asset pricing in Indian market. Basu and Chawla (2010) tested the model empirically for a period of five years (January 2003 -February 2008 on S&P CNX Nifty 50 companies and concluded that "CAPM is really more dead than alive, and needs to be replaced with a model that captures the variables causing the changes in asset prices more effectively".
White (2011) tested CAPM and global CAPM and the International Arbitrage Pricing Theory (IAPT) for calculating the cost of equity in Indian and international markets. He demonstrated that the global market had a lower cost of equity than the domestic market. He also applied CAPM and IAPT to compare two sets of data -one set of weekly data of 312 stocks, and another set of monthly data of 320 stocks on the BSE. He established that CAPM and global CAPM gave better results while the IAPT gave irregular results. Sehgal and Jain (2014) found that the CAPM failed to explain long term prior return patterns of stocks in the Indian market. These long-term patterns were tested with the creation of portfolios on the basis of company characteristics and long-term prior returns. The four factor model performed well on the other hand. Demir et al. (2015) tested the accuracy of CAPM in combination with conditional volatility and found that conditional volatility and CAPM had a limited effect on stocks in the Indian stock market. Bajpai and Sharma (2015a) stated that CAPM tested in its traditional form failed to explain the risk-return relationship of the stocks in the Indian market. Also, the restricted CAPM performed better than the traditional model. Bajpai and Sharma (2015b) tested the industry effect in addition to CAPM to enhance the validity of CAPM in Indian stock market.
It is clear from the discussion above that studies on CAPM in different contexts have given mixed results, and the model's validity, despite its popularity, cannot be established. Thus, the authors seek to conduct an empirical study to determine the validity of the CAPM considering a time period of ten years (which includes the period of global recession caused due to the US subprime crisis and European sovereign debt crisis) in an Indian context.
Objectives
The objectives of this study are as follows: 2 To test the robustness of both models (restricted and unrestricted) with the help of rolling regression methodology.
The Indian capital market has been considered because no study involving CAPM has been carried out in context of the Indian capital market, especially taking into account a time period that covers the time of the global recession. This, despite the fact that the Indian capital market is the third largest stock market in Asia and holds the ninth position in the world according to market capitalisation (Modak, 2014) . Thus, this study also provides a comparative view of the behaviour of stock markets pre, during and post crisis.
Data and methodology

Data
This study covers a period of ten years starting from January 1, 2004 to December 31, 2013. To have a fair representation of the overall equity market in India, the study covers 500 stocks listed on NSE of India, i.e., NSE CNX 500 (CNX 500 stands for CRISIL NSE Index, as this index is managed by the two bodies CRISIL, a credit rating agency and NSE, the stock exchange of India). NSE CNX 500 has been considered for the study because this index appropriately represents the NSE of India in terms of market capitalisation and total turnover. This gives a close representation of the market as industry weightages are maintained. In addition, NSE dominates the area of spot trading and has a monopoly in derivatives trading (98% shares in this market). 2-Jan-04 2-Jan-05 2-Jan-06 2-Jan-07 2-Jan-08 2-Jan-09 2-Jan-10 2-Jan-11 2-Jan-12 2-Jan-13
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Data consist of daily adjusted closing prices of listed stocks on NSE CNX 500 for the above mentioned period. Further, closing daily data of NSE CNX 500 index for the same period have been considered as proxy for market index. Two hundred ninety nine stocks traded continuously for a period of ten years starting from January 1, 2004 to December 31, 2013 have been considered.
The adjusted closing prices cannot be used directly in this study as the series of daily adjusted closing prices is a non-stationary process. To confirm non-stationarity of stock prices, augmented Dickey-Fuller (ADF) unit root test was performed on individual time series of all stocks considered in this study. The ADF test confirms that the time series of stock prices are not stationary in nature. Therefore, to ensure stationarity of stock prices, we take the first difference of logarithm of daily adjusted closing prices using the formula in equation (1).
where P t is price of security at time t P t-1 is price of security at time t -1.
Logarithmic returns of daily closing values of NSE CNX 500 index are used as market proxy and average implicit yield at cut-off price of 91 days Government of India Treasury Bills is used as proxy for risk-free rate of return for the period of study. The adjusted daily closing data for individual securities as well as closing values for NSE CNX 500 index are collected from Prowess -database of Center for Monitoring Indian Economy (CMIE). Data regarding Government of India Treasury Bills were obtained from Reserve Bank of India (RBI) website. The tool used for analysis purpose is the R software environment.
Methodology
In its simplest form, CAPM developed by Sharpe, Lintner and Mossin is tested with the help of ordinary least square (OLS) regression method. The methodology includes two stages of regression -first pass regressions and the second pass regression. Initially, we calculate beta of securities in the first pass regression by applying time series regression method:
where R it is return on asset 'i' at time t R mt is return on market index at time t α i and β i are regression coefficients ε it is error term in the model at time t.
After calculating beta (β) of individual securities/portfolios thereof, the second pass regression of CAPM is applied using cross-sectional regression method:
where R ft is risk free rate of return
is systematic risk of asset 'i' with respect to market index
In CAPM, beta (β) is defined as
where Cov(R i , R m ) is covariance between asset return and market return and σ 2 (R m ) is variance of market return.
The beta is calculated in the first pass regression with the help of time series regression. This beta is used as an independent variable in the second pass regression of the model. The resultant slope of the second pass regression is the implied market risk premium (R mt -R ft ) offered for every unit of systematic risk. CAPM warrants that market risk premium, calculated in the second stage of the model, should be positive and statistically significant, and the intercept term should be equal to zero/statistically insignificant.
We test the CAPM on daily data pertaining to a period of ten years. Ten years is a long time, and beta of any stock(s) may change due to some structural breaks in data pertaining to the considered time frame. To ascertain such structural break in data, the Chow test is performed. The results show that the structural break exists in the beginning of the year 2007. It may be noted that the structural break was identified for nearly 88% of the stocks in the sample and a mere 12% of the sample did not show any structural break. The Chow test formula performed at the first stage of CAPM is: With the help of the Chow test, it is established that the dataset considered for this study has a structural break in time series. This structural break is the result of the subprime crisis that occurred in late 2007. Hence, it is better to study the CAPM by dividing the dataset according to three time periods -before, during and after the sub-prime crisis of [2008] [2009] . As the period of crisis was around two years, we have considered four years before the crisis (January 2004-December 2007) and four years after the crisis (January 2010-December 2013), which results into a total period of ten years of study. The time period of four years before and after the crisis should give a clear and deeper understanding of how the stocks behaved before they were affected by the crisis, and their behaviour after they were affected by the crisis. Also, four years may be considered a period enough for stock prices to stabilise somewhat after a major turmoil. Similarly, four years before the crisis should indicate a somewhat stable trend/behaviour of stock prices.
To better understand the effect of additional risk premium (premium over and above the market risk premium), the analysis was carried out using two types of OLS regressions in the second pass -with and without the intercept term. In equation (3) representing the CAPM, it is clearly visible that there is no intercept term. However, in literature, studies have run a model with an intercept term and tested the fundamental hypothesis that the intercept term is statistically insignificant/zero. This fundamental hypothesis has been tested by studies to check the efficiency of the CAPM. The model with an intercept term is estimated due to theoretical reasons. A model with an intercept term is an unconstrained model as compared to one with no intercept and, in general, the unconstrained model is expected to perform better. Keeping this in view and to get a deeper understanding of the functioning of the model, we run both regressions -with and without the intercept term, Tables 1 and 2 show results of this analysis.
Further, to enhance the robustness of the analysis, rolling regression framework has been employed by dividing the data into smaller subperiods. The period of ten years is broken into sub-periods of overlapping samples of 12-month (around 252 trading days). This rolling window of 12 month data is updated monthly. On these 109 rolling samples, we apply the two-stage regression methodology represented by equations (2) and (3), both with and without intercept on individual stocks for each sub-period. From the second pass regression, we get average 'market risk premium', arrived at by taking into account beta values of 299 stocks for each period. Appendices A and B show market risk premium for all 109 subperiods.
The above mentioned analysis is performed on a set of individual assets, hence the unsystematic risk component of individual assets might influence the performance of the single factor model (CAPM). To avoid this problem, the analysis is performed on portfolios comprising various stocks based on the ranking of beta of stocks (high beta to low beta; the first portfolio consists of the top ten high beta securities and the last portfolio has the ten lowest beta securities). The portfolios are created in the expectation that the unsystematic risk would get diversified. According to Blume (1970) , Black et al. (1972) , and Fama and MacBeth (1973) , portfolios are made to diversify unsystematic risk. The methodology applied in the present study is the same as applied by Black et al. (1972) , except they considered five year monthly data for calculating beta of stocks, and forming portfolios in subsequent years. This study considers 12 months daily data for this purpose. Additionally, in order to examine the effect of portfolio size on the robustness of CAPM, we have created 30 portfolios where each portfolio is a group of ten stocks (the last portfolio is an exception and contains only nine stocks). Black et al. (1972) created portfolios for the sixth year because they used the first five-year data for calculating beta of stocks. In this study, we use only the first 12-month data for calculation of beta and do not run regression on the data of the first sub period. After calculating beta for the first sub period, we create portfolios for the second 12-month sub period. The same methodology is followed for subsequent sub periods -we calculate beta for the second sub period and make portfolios for the third sub period and so on. When we follow this methodology, we get 108 (because second pass regression model is not tested for the first sub period) market risk premiums for each set of portfolios. Appendices C and D present market risk premiums of these 108 sub periods. The premiums were estimated on the basis of CAPM.
Empirical results, analysis and discussion
In order to establish validity of CAPM in Indian equity market, the study examines the data pertaining to stocks listed on NSE CNX 500 for a period of ten years (January 2004-December 2013) using two-stage regression methodology. The time period has been divided into three sub-periods -pre, during and post crisis. This has been done to observe the effect of the financial crisis on stock price behaviour. The break-up of the time period has been done hence: Tables 1 and 2 . Tables 1 and 2 summarise the results of regression method in the second pass with and without an intercept term, respectively. It is clear from Table 1 that market risk premium is significant and according to expectations. At the same time, the intercept values across all three time periods are also significant which leads to the failure of CAPM. Thus, the model fails to explain the risk-return relationship of stocks across all three sub-periods considered (pre, during and post-crisis). This implies that apart from beta, there are other factors that may participate in the return generating process of stocks. Some possible factors could be: size of stocks, financial leverage, earnings to price ratio (E/P), book to market ratio (B/M), etc. (Basu, 1977; Banz, 1981; Stattman, 1980; Rosenberg et al., 1985; French, 1992, 1993) . Additionally, the period of crisis (January 2008 to December 2009) and the post-crisis period show a negative risk premium which depicts that a slowdown prevailed in the economy during that time. We also see that while the value of adjusted R-squared for the overall period of ten years was significantly low (5.97%), the value of adjusted R-squared for the pre-crisis period was even lower (2.57%). This finding is much unexpected as it shows that CAPM badly fails to explain anything during that period. It was expected that adjusted R-squared values would be low during and after crisis, but such a low value (2.57%) in the pre-crisis period was not anticipated at all. It can also be inferred that during the recession and the period after that, the systematic risk factor played a greater role in explaining the returns of stocks as compared to the pre-crisis period. Table 2 shows the results of the constrained model (with no intercept term) where the slope of the model is highly significant. To check the applicability of the constrained model, we made a comparison between the standard errors of the constrained and unconstrained models. Such comparison clearly shows that the standard errors of the unconstrained model are less as compared to those of the constrained model across all three sub-periods. This implies that constrained model is not fit to apply for establishing a risk-return relationship of stocks in the Indian context in the considered time periods (pre, during and post-crisis). Table 1 shows that CAPM does not hold well for the complete period, as the intercept term is significant and the market risk premium is also significant but negative. In contrast, Table 2 shows that the market risk premium is positive and significant, and value of market risk premium is very low (0.04). In sum, it can be said that the findings of the model fitted to the overall data are not reliable as there exists a structural break 1 in the data (the sub-prime crisis of 2008). The Chow test confirms the presence of structural breaks in 88% regressions at the first pass regression of CAPM, while in 12% regressions the null hypothesis of no structural break cannot be rejected. Such a dataset should not be analysed using one model for the overall period; the periods should be broken down into sub-periods, and then the model should be tested on those sub-periods. Rolling samples of one year each with a monthly updating scheme for the entire period of the study were analysed. Following this methodology enhances the robustness of the results in view of the fact that the performance of the CAPM in pre and post-sub-prime crisis periods may be due to outliers in specific sub-periods. More specifically, it would help us examine whether the effect of the sub-prime crisis period spilled over to the other sub-periods, or the impact was predominantly confined to a few points in time within those sub-periods close to the crisis period. For this purpose, second-pass regressions have been estimated for a total number of 109 sub-periods/ rolling samples. Appendices A and B summarise results for the second-pass regressions with and without intercept terms, respectively. The F-values contained in Appendix A for every rolling second-pass-regression clearly indicate that the second-pass regression model has been significant for a total of 80 sub-periods out of 109 sub-periods analysed. In other words, the CAPM fails to explain cross-section of returns during 29 sub-periods. Further, we find that the beta plays a significant role in explaining cross-section of returns across all 80 sub-periods. However, the intercept terms show significant values for 54 sub-periods. This implies that the estimated risk-return relationships departed from their equilibrium levels in nearly 76% (54 + 29 = 83) of the sub-periods analysed. This, prima-facie, indicates the gross failure of the CAPM in the Indian context. We again tested the second-pass-regression equations without intercept for the 109 subperiods, and found that the model got lesser standard errors in comparison to the unconstrained model for 17 sub-periods (around 16% of the sub-periods). These sub-periods majorly ranged from February 2006 to June 2007, April 2012 to December 2013, and four random sub-periods during the crisis period. All sub-periods were close to the crisis period. Results suggest that the constrained model not be grossly ignored as it may be significant in a few cases.
We notice that the sub-periods for which the unconstrained CAPM model is significant and the sub-periods for which the constrained model is a good fit, are more or less the same, implying that where the CAPM model is used, both constrained and unconstrained models should be considered and compared to get better and holistic results.
It is important to note that, in some sub-periods, the market premium as implied by the CAPM equation is negative. The implied market premium is negative as the market as a whole posted large negative returns during such sub-periods on account of the sub-prime crisis and European debt crisis.
We also estimated the second-pass rolling regression equations with and without intercept terms on portfolios of securities. For the purpose, as mentioned in the methodology section, we constructed 30 portfolios of ten securities each. The results are summarised in Appendices C and D.
Results of this analysis are similar to those of individual securities. The results contained in Appendices C and D (significance of F values, significance of intercept and adjusted R-squared values) clearly show that regressions without intercept term have lesser standard errors for 16 sub-periods.
It is noteworthy that the unconstrained CAPM fails in 76 (70% sub-periods) out of the 108 sub-periods studied (the same as for the individual scrips). As CAPM considers only systematic risk and does not account for unsystematic risk, portfolios were formed to remove the element of unsystematic risk. Although it was expected that formation of portfolios would enable the model to better explain the risk-return relationships of stocks due to diversification of unsystematic risk, the results remained more or less the same and the model did not fare better.
Results of analyses of 30 portfolios are given in Appendices C and D. In sum, findings of this study show that the CAPM fails to explain the risk-return relationship in the Indian capital market during the considered time period.
Implications
The present study has several implications for practitioners. Given below are some important implications:
1 Beta is not the only factor that should be considered while evaluating stocks for investment purposes. Other factors such as size of stocks, financial leverage, E/P ratio, B/M ratio, etc., should also be considered to arrive at intelligent investment decisions. Hence, CAPM should not be the only tool used for assessment of stocks, especially in crisis situations. It may however, be used in combination with other models for better stock evaluation.
2 Other factor models such as Fama-French and Carhart's four factor, while relatively difficult to apply, may give better results as compared to CAPM due to the fact that they consider greater number of factors for stock assessment. Practitioners may consider using these models, and use CAPM as a supplementary analytical approach. This may enable informed and intelligent decision-making.
3 Where practitioners may have to consider only CAPM due to limitations or constraints in applying other models, they are advised to consider both constrained and unconstrained CAPM models, and compare results.
Conclusions and summary
The present study sought to empirically establish the accuracy/inaccuracy of CAPM in an Indian context while determining whether CAPM was able to reflect the irrational behaviour/over-reaction of market participants during the crisis period. As the time period considered (January 2004-December 2013) included the time of the crisis, it was anticipated that results would show what impact the financial crisis had on Indian stock markets. The study also attempted to explain risk premium per unit of risk offered by the market before, during and after the sub-prime crisis of 2008. To the best of the authors' knowledge, no study in the past has attempted to examine the impact of the 2008 crisis in an Indian context using CAPM. Thus, this study carries immense originality value and substantially contributes to the existing body of literature. This study shows that the CAPM fails to explain the risk-return relationship of stocks in the Indian equity market for the three periods considered (i.e., before, after and during the crisis period), and majority of sub-periods therein. Results indicate that the stocks covered within the considered time period experienced some abnormal excess returns which were not explained by the systematic risk of the respective securities adequately. The formation of portfolios also does not make any difference in the results.
The present study uses two models -constrained model (with no intercept term) and unconstrained. Prima-facie, the constrained model does not perform better than the unconstrained model. However, while testing robustness of the model using sub-period analysis, constrained CAPM performed better in few sub-periods. It is to be borne in mind though, that the number of such sub-periods are less, therefore, the constrained model cannot be validated for the entire period. To summarise, CAPM fails the test in the Indian context for the time period considered. However, if CAPM is to be applied, both constrained and unconstrained models should be considered for analysis and comparison of results.
Limitations
This study is limited to the continuously traded stocks of NSE CNX 500, for a period of ten years. Also, the limitations of this study are the assumptions of the CAPM, as the CAPM model is static in nature. However, efforts were made to overcome this limitation by applying the rolling sample method.
Future research directions
1 Results of our study show that CAPM badly fails to explain risk-return relationships of stocks, especially in crisis situations. While we considered structural breaks in data and used rolling method to more effectively test the validity of the model, CAPM fared poorly. On the basis of our study, it can be said that the model is not fit for use at least in an Indian context. Researchers may either look to test the model in other contexts and time periods.
2 Researchers may test the ability of other models in explaining risk-return relationships of stocks during the time period considered in this study.
Notes
1
The results on the test of structural break (Chow test) are not provided in the paper to save space. The same are available on request. 
Appendix A
Second pass rolling regressions on individual scrips with intercept
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Appendix B
Second pass rolling regressions on individual scrips without intercept 
